Abstract. There are always some uncertainties in prediction and estimation of distribution systems loads. These uncertainties impose some undesirable impacts and deviations on power flow of the system which may cause reduction in accuracy of the results obtained by system analysis. Thus, probabilistic analysis of distribution system is very important. This paper proposes a new probabilistic load flow technique in presence of a 24 hours load changing regime in all seasons, by applying a normal probabilistic distribution in seven standard deviations for the loads and using this distribution function on Forward/backward algorithm. The losses and voltage of IEEE 33-bus test distribution network is investigated by our new algorithm and the results are compared with the conventional algorithm i.e., based on deterministic methods.
Introduction
Most of suggested methods to solve power flow in power systems consider deterministic in nature in which loads power have been taken into account constant (e.g., analysis is done in the worst system condition). In those methods, small change in the network requires resolving the power flow.
In addition, the system reliability may decline when the system designers utilize previous deterministic data. Nowadays uncertainties of the power systems are also their effects on the system operation are not undeniable and it is necessary to investigate the performance of the network over these uncertainties.
In previous studies output variation and system performance evaluation is determined by analyzing the input parameters based on probabilistic methods.
The classical deterministic load flow techniques are not able to cope with uncertainties and can only be used within constant power system parameters [1] .
Probabilistic power flow was proposed in 1974 [2] . In [2] , Borkowska used DC model of network and considered both substations load of different feeders and output information in form of density function. In [3] , Dopazo used covariance matrix method however, these methods were developed in [4] , [5] . In [6] , Zhang and Lee combined the concept of Cumulants and GramCharlier expansion theory to obtain probabilistic distribution functions of transmission line flows. It has significantly reduced the computational time whit a high degree of accuracy. In [7] , [8] , Cumulants and Von Mises function and Monte Calro method have been used to solve probabilistic power flow.
Therefore, evaluating the system and addressing these uncertainties different methods such as probabilistic methods, fuzzy sets and interval analysis have been introduced [12] . PLF could be divided into numerical and analytical methods. Numerical method refers to Monte Carlo's simulation method [11] , which is an alternative to the huge number of random variables for determination of PLF in numerical methods.
Due to the fact that implementation of this method could be very time consuming, this method cannot be used in some applications. On the other hand, implementation of the analytical method is faster however, there are many difficulties in implementing this method. The most significant methods in analytical method are Convolution [9] and cumulants methods [10] . Convolution method is based on probabilistic distribution of random variables.
The main contribution of this paper is introducing a simple and practical expansion approach for the wellknown forward/backward power flow method. This approach can be used for modern distribution systems which may including several variable loads and renewable energy sources which in turn have nondeterministic power generation level.
After this introduction, in the second chapter using normal distribution function, a probabilistic model of load is presented. The third chapter is began with a review on the forward/backward power flow approach and is continued with introducing a probabilistic version of this approach. To simulate the proposed method, in the fourth chapter IEEE 33-bus test network is considered and results of probabilistic power flow of it is shown in the fifth chapter. The paper conclusion is stated in the sixth chapter.
Probabilistic Model of Load
It is well known fact that electrical loads in power systems are probabilistic in nature. There are two prime parameters in power flow which lead to load change in network, time (daily, weekly, seasonal and annual profiles) and climate conditions. It should be noted that in deterministic power flow these two parameters are ignored and typical sample of consumers' parameters can be obtained from stochastic analyzing.
Load during hour, week, month and season of the year is considered as a percentage of the peak value. Then load profile is created base on this information. A typical load profile is presented in [11] . This paper uses combination of daily load profile for each season and normal distribution function. Figure 1 presents daily load profile for total consumption four different seasons [13] . If µ P Lj and µ QLj are considered as the average active and reactive power of the jth load and m is a stochastic sample of time, average active and reactive power defined as follows:
Also the active and reactive power's variance is calculated as follows:
Considering the nature of the system loads, normal distribution function can be applied which is defined as: Figure 2 illustrates load profile of the 10 th bus of summer season with four-hour interval (6, 12, 18 and 24) using distribution function. 
Power Flow in Distribution Networks

Deterministic Power Flow
In this paper Forward/backward method is used to solve power flow in distribution network. It is assumed that V s = 1 < 0 is the source voltage, S Lj = P Lj + jQ Lj = V j I j * is the apparent power of the j th load, S j is the apparent output power of the j th bus, and I j is the current flowing through the j th bus. In Forward/backward method, firstly the voltage of the last bus is assumed to be 1<0 then having the load powers and using sections impedances the following formula can be calculated [14] . A typical single line diagram of a distribution network is shown in Fig. 3 . 
where:
Obtained power in backward path can be used to calculate the first bus output powers. For forward path, the following voltage equation can be used:
Forward/backward operation should be repeated to achieve convergence so that:
Here ε v and ε p are the acceptable errors for bus voltages and the system power loss respectively and k is the number of the k th iteration. In this paper, there is assumption that: ε v = ε p = 10 −6 pu. Following formula demonstrates how losses are calculated:
Probabilistic Power Flow
As mentioned in the previous section, in deterministic power flow, if there is an assumption that active and reactive powers of loads are probabilistic, by applying small changes in Eq. (6) and Eq. (7) and also using normal distribution function, PLF can be defined as follows:
Flow chart of mentioned method is illustrated in Fig. 4 , where S and T stand for season and hour respectively. 
The Studied System
All information about the IEEE 33-bus test network is given in Fig. 5 [14] , [15] . Base voltage and apparent power of the system are 12.66 kV and 10 MVA. 
Result and Simulation
Change of the network loads in different hours of day affects the network losses, capacity of line, voltage and other parameters of network. By dividing normal distribution function to seven parts for every hours of different days in different seasons, the parameters of µ P Lj , µ QLj , σ P Lj , σ QLj are determined and the probabilistic power flow is solved. Figure 6 shows standard deviations of normal distribution which is assumed to be in the vicinity of the deterministic loads values. Table 1 demonstrates P loss in 24-hour and for each standard deviation. Table 2 presents both probabilistic and deterministic total power losses for a few sample hours in each season. Table 2 shows that the power losses obtained are remarkably different which testifies the values of errors in the deterministic method. The experiments were carried out on a PC with a Intel Core i5, 2.66 GHz CPU, and 4 GB RAM with the Microsoft Windows XP operating system. The CPU time for deterministic and probabilistic load flow are 0.110696 and 2.957022 seconds respectively. Figure 11 to Fig. 13 illustrate voltage profile for all buses in summer and 24-hours for (µ P Lj −σ P Lj , µ QLj − σ QLj ), (µ P Lj , µ QLj ), and (µ P Lj + σ P Lj , µ QLj + σ QLj ).
Probabilistic Losses of Network
Voltage profile of the spring, fall and winter seasons are shown in Fig. 14 to Fig. 16 for all buses and 24-hour versus load average. Sum of voltage deviations squares in 24-hour for each bus in summer for the probabilistic and deterministic load flows are given in Tab. 3. 
Conclusion
In this paper, probabilistic power flow with normal distribution function of loads has been proposed to deliver a deeper insight into the system performance. This method relies on the statistical data obtained in different times in 24-hour of different seasons. The obtained data was computed using normal distribution function with seven standard deviations. The power losses variation during 24-hour and all seasons are illustrated. The proposed approach tested on the IEEE 33-bus system. Comparison of loss and total voltage deviation for each bus between conventional and proposed method shows accuracy and superiority of the suggested method.
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